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INTRODUCTION
The problem of sugar deterioration is not so much a
matter of scientific concern as one which commands the
attention of sugar planters, manufacturers, refiners and
dealers. There exists at present an unanimity of opinion in
ascribing the phenomenon of sugar deterioration to the
activities of microorganisms, and it is unnecessary at this
point to discuss the valuable contributions in which the
evidence has been advanced, because they have been con-
sidered in detail in a previous publication. f Suffice it to
say, that heretofore the bacteria received most attention as
causative agents in sugar deterioration. However, in our
investigations we have been concerned chiefly with molds.
In a bulletin entitled "The Deterioration of Cane Sugar by
Fungi,"t there was included an exhaustive survey of the
kinds of molds, occurring in a variety of marketable cane
sugars. It was found that there were three molds which
occurred universally in the sugars examined, namely,
Aspergillus Sydoivi Bainier, Aspergillus niger, and Clado-
sporium, which are frequently found in soil, vegetable pro-
ducts of all kinds, water, etc. These molds were examined
for their power to deteriorate sugar by inoculating sterile
sugars with them and analyzing before and after incubation.
It was found that these molds were capable of inducing very
serious losses of sucrose in a very short time, if the condi-
tions for their activity were favorable. However, deteriora-
tion also occurred where the moisture conditions were un-
tSee literature cited on page 64.
favorable. Where mycelia developed, deterioration occur-
red, for it is axiomatic that enzymes are liberated during
cellular activity, and the physical evidence of the growth or
cellular activity of molds is to be found in the mycelial
stage. On the other hand, it was puzzling indeed to find
evidence of enzyme activity where the molds were unable
to grow. This led to a closer scrutiny of the inoculating
material, which consisted of mold spores, and raised the
question, do mold spores contain enzymes, which represents
the point of departure for the ensuing investigations.
5Part I.
DO MOLD SPORES CONTAIN ENZYMES*
Molds have long been known to produce intracellular
and extracellular enzymes, but so far as we have been able
to ascertain no study has been made of the enzymes contain-
ed in the spores of these organisms. This is indeed note-
worthy since the valuable contributions of Duclaux, Fern-
bach and other mentioned by Effront3 and Dox 2 have ap-
parently been concerned solely with the enzymic activities of
molds in the mycelial stage. It is our purpose to limit this
discussion to the invertase activity of the spores of Asper-
gillus niger, because of the economic significance of this
enzyme and the wide distribution of the mold in nature.
The method of procedure was as follows
:
A large number of Petri dishes containing Kopeloff's
agar 5 were seeded with a single pure culture of Aspergillus
niger and incubated at 35°C for 6 days. A small amount of
sterile distilled water was introduced into each plate, suc-
cessively, shaken slightly and then poured on sterilized filter
paper (Whatman No. 4). The mycelium was then washed
through the filter paper with sterile distilled water, which
of course was responsible for the loss of a large number
of the spores. However, a separation between the mycelium
and spores was thus effected by a combination of filtration
and flotation, and it only remained to continue the process
long enough to accumulate a desired quantity of spores,
and which served to remove any invertase which may have
been excreted by the mycelia. These spores were then
rinsed off the filter paper into a sterile Erlenmeyer flask
(300 cc). To 250 cc. of this spore suspension and an equal
volume of sterile water was added 1 cc. of c. p. chloroform.
The flasks were heated to 63°C for 30 minutes for the pur-
pose of killing the spores 15 and making the spore wall more
permeable. The contents of each flask were transferred to
Erlenmeyer flasks containing sterile washed sand and
shaken vigorously for 5 minutes in an atttempt to further
* Read by title at Buffalo Meeting of the American Chemical Society,
April, 1919.
6rupture the spore walls. The inoculum was then ready to
be added to the 200 cc. portions of 10 per cent, (by weight)
granulated sugar solution in cotton plugged Erlenmeyer
flasks which had been previously sterilized in the autoclave
at 15 lbs. pressure for 15 minutes, all the flasks having the
same polarization. Ten cc. of sterile distilled water were
added to the check flasks, while 10 cc. and 20 cc. of inoculum
were added to the others. Following this inoculation both
the inoculum and sterile distilled water were heated to
100°C for 20 minutes to kill any enzyme which might be
present. Then this sterilized inoculum was added to the
sugar solution as outlined above. All flasks were then incu-
bated at 35°-40°C for 3 hours. At the end of this time 50cc.
of solution were removed with a sterile pipette, filtered and
polarized.* It may be noted parenthetically, that we have
recorded the polarization values and the average decrease
in actual per cent, sucrose, calculated therefrom, in separate
columns. Reducing sugars were determined in the same
sample by the modified Violette method (volumetric) . The
results are recorded in Table 1. Only the averages of
closely agreeing triplicate determinations are presented in
the following tables.
*The authors wish to thank Mr. E. C. Freeland, Assistant Chemist, for
his assistance with these analyses.
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8It will be seen from the results in Table 1 that the
flasks inoculated with sterile distilled water and those
inoculated with sterilized inoculum (heated to 100°C) had
the same polarization, 35.7 (within experimental error)
and the same amount of reducing sugars, .04, while the
flasks having 10 cc. of spores heated to 63°C polarized 34$
which represents a loss in polarization of 0.9 as compared
with the check, or a decrease of .23 per cent, sucrose. The
reducing sugars increased .02 per cent. The inoculum of
ispores was polarized alone and exhibited no optical activity.
However, where 20 cc. of spores heated to 63°C were used
the polarization dropped to 34.1 which was a decrease of 1.5
per cent as compared with the check, or an actual decrease
of .38 per cent, sucrose. The reducing sugars were slightly
increased. Where 20 cc. of inoculum were used it is neces-
sary to correct for the added dilution, if we wish to compare
these results with those obtained with 10 cc. of inoculum.
Furthermore, it must be remembered that throughout these
results each polarization value represents the optical activ-
ity of all three sugars present, namely, sucrose, dextrose,
and levulose, and consequently cannot be accepted unreserv-
edly as an adequate criterion of inversion ; rather one must
consider the reducing sugars for such a purpose. From
these results it is evident that after 3 hours the enzymic
activity of the spores of Aspergillus niger is already mani-
fest. A microscopic examination of the contents of each
flask was made for the purpose of detecting any germina-
tion if present. No germination occurred. Thus the en-
zymic activity as evidenced by the reduction in polarization
and increase in reducing sugars, was produced by the spores
of the mold present. That this inversion was truly enzymic
is proven by the fact that when the spores were heated to
100 °C, which temperature kills all enzyme activity, the in-
oculation induced no change in the composition of the origi-
nal sugar solution.
The flasks each received 3 drops of chloroform and
were returned to the incubator at 45 °C. where they remained
until analyzed at the end of the 24 hour incubation period.
It may be mentioned in passing that the flasks were
9frequently shaken to assist in the rupturing of the spore
walls. From the results recorded in the second part of
Table 1 it will be noted that, as previously, the flasks inocu-
lated with the sterile water heated to 63 °C. and 100°C.
as well as the sterilized inoculum (spores heated to 100°C.)
polarized about 35.8 and contained about .04 per cent, re-
ducing sugars. On the other hand, there is a marked
decrease in polarization in the flasks inoculated with 10 cc.
of spores heated to 63°C. as shown by the value 31.0, repre-
senting a loss of 4.6 or a decrease of 1.16 per cent, sucrose.
The reducing sugars- increased appreciably to .15 per cent,
from .05 per cent. Still more striking is the fact that
double this quantity of spores (i.e. 20 cc.) was responsible
for a proportional decrease in polarization (amounting to
8.4 or a decrease of 2.11 per cent, sucrose as compared with
the check), and a slightly greater increase in reducing
sugars. Again, as a result of a microscopic examination,
no signs of germination could be detected. Thus the re-
sults after 24 hours confirmed those obtained after 3 hours
incubation, and we must conclude that the spores of
Aspergillus niger have released sufficient of the enzyme,
invertase to carry forward the inversion of sucrose already
noted.
Finally, after adding 3 drops of chloroform and again
incubating, the flasks were analyzed at the end of 4 days.
The results are to be found in the third part of Table 1.
Compared with the previous analyses the check flasks, i.e.
sterile water heated to 63°C. and 100°C. and spores heated
to 100 °C. show a slightly higher and somewhat less con-
sistent polarization. This is undoubtedly due to evapora-
tion, the flasks having been plugged with cotton. The
discrepancies are negligible, as evidenced by the uniformity
in amount of reducing sugars present, which represent the
true criterion of inversion. Where lOcc. of spores heated
to 63 °C. were used, the polarization is reduced to 24.1 as
compared with 37.3 in the check, a loss of 13.2 or a decrease
of 3.31 per cent, sucrose. The reducing sugars indicate a
correspondingly high increase of .88 per cent. Where 20 cc.
of inoculum were used, it will be observed that the polariza-
10
tion is reduced 18.4, as compared with the check, or a
decrease of 4.55 per cent, sucrose, and the reducing sugars
increased to 2.04 per cent. Again no germination could be
detected in a microscopic examination. Therefore, there
can be no doubt that it has been demonstrated that the
spores of molds contain enzymes—as exemplified by the
release of invertase by the spores of Aspergillus niger.
Since the particular problem which gave rise to the
present investigation, namely, the deterioration of sugar,
is concerned primarily with solutions of high concentration,
it was planned to corroborate the above evidence by repeat-
ing the experiment and using a sugar solution of 20 per
cent., or double the concentration of that previously employ-
ed. The methods and technique were identical with those
described in the experiment just reported, except that in this
case there were somewhat fewer spores present in the inocu-
lum, and each flask contained 200 cc. of a 20 per cent,
(by weight) sugar solution.
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In Table 2 are recorded the results of the analyses after
24 hours incubation at 45 °C. It will be observed that the
polarization and reducing sugars of the flasks receiving 10
cc. of sterile distilled water heated to 63°C. and those heated
to 100°C. were the same. Ten cc. of spores heated to 100°C.
gave a slightly higher polarization, but these variations are
probably the result of the sterilization process which did
not affect all flasks in an identical manner. However, there
is no question concerning the reduction in polarization as
effected by 10 cc. of spores heated to 63°C. and which
amounts to 3.0 or a decrease of .72 per cent, sucrose. The
reducing sugars show a somewhat greater increase, namely,
.33 per cent. Where 20 cc. of spores were employed the
polarization is 52.9, as compared with 61.0 in the check
flasks, a reduction of 8.1, or a decrease of 1.94 per cent,
sucrose. Correspondingly there is an increase in reducing
sugars of 1.16 per cent. No germination could be detected
as a result of a microscopic examination. Thus the results
obtained with a 20 per cent, sugar solution confirmed
those previously obtained with the 10 per cent, solution and
form an adequate basis for establishing the fact that the
spores of Aspergillus niger contain invertase.
TABLE 3
Summary of Enzymic Activity of Spores of Aspergillus
niger.
,
Spores
J
Concentration
of
Sugar
Solution
Incubation
Period
Decrease
in
polar-
ization.
Decrease
Actual
Per
Cent
Sucrose.
Jecrease
in
per
cent.
Sucrose
Compared
with
Original
as
100.
Per
cent.
Increase
in
Reducing
Sugars.
Per
cent.
Increase
in
Reducing
Su-
gars
Compared
with
Original
as
100.
10 10% 3 hrs. 0.9 .23 2.5 .02 50
10 10 do. 24 do. 4.6 1.16 13.0 .15 300
10 20 do. 24 do. 3.0 .72 4.9 .33 660
10 10 do. 96 do. 13.2 3.31 35.4 .88 1760
20* 10 do. 3 do. 1.5 .38 4.2 .03 75
20* 10 do. 24 do. 8.4 2.11 21.9 .45 900
20* 20 do. 24 do. 8.1 1.94 13.3 1.16 2320
20* 10 do. 96 do. 18.4 4.55 50.0 2.04 4080
* Corrected to 10 cc.
13
In Table 3 the data previously presented are summariz-
ed in such a way as to make evident the correlations which
are of interest. For example, it will be readily observed
that with a given quantity of inoculum in a sugar solution
of definite concentration, there is a progressive decrease in
polarization accompanied by an increase in reducing sugars
with an increase in the incubation period. Again it may
be noted that increasing the inoculum causes practically a
proportional decrease in polarization and a corresponding
increase in reducing sugars. This lends further support to
the evidence brought forward that mold spores contain
enzymes, for it is precisely under such circumstances that
a relationship is established between that number of spores
and the amount of enzyme activity. While the data pre-
sented do not establish such a correlation with mathematical
accuracy, one may assume that the number of spores whose
walls become ruptured would be somewhat variable in
quantity and consequently a progressive increase in enzymic
activity may be seen to accompany an increase in the num-
ber of spores.
It is especially interesting to note that 20 cc. of
spores reduced the polarization of a 10 per cent,
sugar solution in 4 days in such a way as to indicate
the loss of 50 per cent, of the original sucrose
present. This inoculum accounted for the loss of 22
per cent, of the original sucrose in 24 hours. The
increase in reducing sugars is even more striking in inten-
sity as seen in the last column of Table 5, where in the
cases mentioned above, the amounts were increased 4080
and 900 per cent, respectively, compared with the original
taken as 100.
When the inoculation of a 10 per cent, solution with
10 cc. of spores is compared with a similar inoculation of a
20 per cent, sugar solution, it will be seen that in 24 hours
the amount of reducing sugars in the latter case is about
double that in the less concentrated solution. A similar
phenomenon is to be observed when 20 cc. of spores are
employed. This is in line with the theoretical considera-
tions of the activity of the enzyme invertase and indicates
14
that the amount of inversion depends upon the quantity of
sucrose present. The polarization values do not permit of
such clearly defined generalizations, because of the more
complex nature of the factors involved.
It is irrelevant at the present time to do more than
indicate the significance of the industrial applications of
this biological principle. We have already mentioned that
it plays a considerable role in the deterioration of sugar by
materially affecting the factor-of-safety rule. It may, like-
wise, explain certain transformations in the soil which
occur as a result of mold activity where mycelia are not
found in great abundance. Thus the universal distribution
of molds and their activities will undoubtedly suggest many
further developments of this phenomenon, some of which
are at present under investigation in this laboratory.
SUMMARY
1. The spores of Aspergillus niger heated to 63 °C. for
30 minutes and shaken with sterile sand, caused a decrease
in polarization and an increase in reducing sugars in a 10
per cent, sterile solution in 3 hours, and continued the same
changes throughout the 4-day incubation at 45 °C. These
results were corroborated when a 20 per cent, sugar solution
was similarly inoculated.
2. Spores heated to 100°C. caused no change (neither
did an inoculation with sterile distilled water) proving that
the activity mentioned above was enzymic in nature.
3. The enzyme present exhibited properties identical
with invertase, consequently the spores of Aspergillus niger
contain invertase.
4. Among the practical applications of this phenome-
non the deterioration of manufactured cane sugar "and
certain transformations in the soil are especially significant.
15
Part II.
THE INVERTASE ACTIVITY OF MOLD SPORES AS
AFFECTED BY CONCENTRATION AND
AMOUNT OF INOCULUM.*
It has been previously shown 6 that mold spores may
release sufficient invertase to cause an appreciable inversion
in 10 and 20 per cent, sucrose solutions. This phenomenon
was studied in connection with the deterioration of cane
sugar by fungi 5
,
and in considering its bearing upon the
latter problem it becomes imperative to establish the limits
of concentration at which the invertase of mold spores is
active 6 . The work of O'Sullivan and Thompson 10 is respon-
sible for the claim that invertase is not active in sucrose
solutions above 40 per cent. We have been unable to find
in the literature any contrary stand, although there exists
some indirect evidence on this point. Since the film sur-
rounding the sugar crystal capable of supporting biologic
activity must vary in concentration from a supersaturated
solution down to comparatively low concentrations (depend-
ing upon the amount and distribution of the moisture
present) , it was considered advisable to employ concentra-
tions of 10, 20, 30, 40, 50, 60 and 70 per cent, at an incuba-
tion temperature of 48°-50°C. for three days. The spore
suspensions were prepared according to the method previ-
ously described 6 . The solutions were all examined micro-
scopically at the end of the incubation period, and no germi-
nation occurred; sterility was determined by plating on
KopelofFs agar.
*We are indebted to Mr. S. Byall for his assistance with the chemical
analyses.
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TABLE 4
Influence of Concentration on Invertase Activity of
Spores of Aspergillus Sydoivi Bainier*.
CONCENTRATION
o
H
,
Loss
in
Pol.
Loss
Per
Cent.
Sucrose.
Reducing
Sugars
Per
Cent.
Gain
Reducing
Sugars
Per
Cent.
10 Per Cent Check A A O44.
Z
0.03
10 Do. Heated Spores 44.
U
0.2 0.03
10 Do. Spores E A 1 5.9 1.5 1.79 1.76
20 Do. Check OO.l 0.07
20 Do. Spores i l.U 13.2 3.2 2.78 2.71
30 Do. Check 124.6 0.12
30 Do. Spores ' 107.3 17.3 4.0 2.78 2.66
40 Do. Check 166.6 0.14
40 Do. Spores 147.7 18.9 4.2 2.94 2.00
50 Do. Check 52.8 1.00
50 Do. Spores 47.4 5.4 5.4 4.41 3.41
60 Do. Check 57.7 1.71
60 Do. Spores 54.6 5.1 3.1 4.17 2.46
70 Do. Check ...... 66.1 2.13
70 Do. Spores 61.5 4.6 4.6 4.54 2.41
*144,000 Spores per cc. 10-40 per cent.
100,000 Do. Do. 50-70 per cent.
In Table 4 are presented the averages of closely
agreeing triplicate determinations obtained with the spores
of Aspergillus Sydowi Bainier* at the rate of 144,000 per cc.
for 10 to 20 per cent, solutions of pure sucrose, and 130,000
spores per cc. for 50 to 70 per cent. It will be noted that
with an increase in concentration up to 60 per cent, there is
a proportional loss in per cent, sucrose and corresponding
increase in reducing sugars. Beyond this point the amount
of inversion decreases. This brings out two important
facts, namely, that the invertase in the spores of this mold
*The tentative identification of this organism as "Blue Aspergillus"
now becomes "Aspergillus Sydowi Bainier", according to Dr. Charles
Thorn's identification corroborated by the describer of the species.
17
is active in a sugar solution at the point of saturation, and
furthermore that the maximum activity occurs between 50
and 60 per cent concentration for such an inoculation. It
may be mentioned, parenthetically, that the polarization of
10-40 per cent, solutions was made directly (using 100 mm„
observation tube where necessary) , while 26 gms. in 100 cc.
were polarized in the 50-70 per cent, solutions. Consequent-
ly, the conversion of polarization to per cent, sucrose in the
40 per cent, solutions is a calculation based upon an assumed
Brix and specific gravity.
TABLE 5
Influence of Concentration on Invertase Activity of
Penicillium expansum.
CONCENTRATION
Pol.
Loss
in
Pol.
Loss
Per
Cent.
Sucrose.
Reducing
Sugars
Per
Cent.
Gain
Reducing
Sugars
Per
Cent.
10 Per Cent Check 40.0
1
0.03
10 Do. Heated Spores 40.0
1
0.03
10 Do. Spores 24.8 15.2 3.8 2.77 2.74
20 Do. Check 82.6 .17
20 Do. Spores 58.3
j
24.2 5.8 4.17 4.00
30 Do. Check 122.6
|
.21
30 Do. Spores 95.3
|
27.3 6.4 5.00 4.79
40 Do. Check 170.7 .23
40 Do. Spores 128.2 42.5 9.5 5.77 5.24
50 Do. Check 53.0 .97
50 Do. Spores 49.9 3.1 3.1 2.87 1.90
60 Do. Check 67.7
1
1.71
60 Do. Spores 57.6
|
0.1 0.1 2.62 0.92
70 Do. Check 66.1 2.13
70 Do. Spores 64.6 1 1.6
i
1
1.6 2.73 0.60
In Table 5 are shown the results similarly obtained us-
ing the spores of Penicillium expansum. It is to be regretted
that the inoculations differed so widely, for there were
5,000,000 spores per cc. in the 10-40 per cent, solutions, and
18
only 220,000 spores per cc. in the 50-70 per cent, solutions.
However, it is evident that with an increase in concentration
up to 50 per cent, there is a marked loss in sucrose accom-
panied by a corresponding increase in reducing sugars.
Beyond this point the loss in sucrose is not so significant,
the same being true of the gain in reducing sugars. One
may be permitted the speculation that had the inoculation
in 50-70 per cent, solutions been 25 times larger, the results
would have corroborated those previously obtained with
.
Aspergillus Sydowi Bainier, namely, that the invertase re-
leased by the spores of Penicillium expansum was active in
concentrations of sugar as high as the saturation point and
attained a maximum between 50 and 60 per cent, concentra-
tion.
TABLE 6
Influence of Concentration on the Invertase Activity of
the Spores of Aspergillus niger.
CONCENTRATION
Pol.
Loss
in
Pol.
Loss
Per
Cent.
Sucrose.
Reducing
Sugars
Per
Cent.
Gain
Reducing
Sugars
Per
Cent.
50 Per Cent Check 52.0 1.10
50 Do. Heated Spores 52.0 1.40 0.24
50 Do. Spores 40.6 11.4 11.4 6.94 5.54
60 Do. Check 57.7 1.71
60 Do. Spores 48.1 9.6 9.6 6.67 4.96
70 Do. Check 66.1 2.13
70 Do. Spores 67.0 7.1 7.1 5.18 3.06
In Table 6 are recorded the results obtained with the
Aspergillus niger in concentrations above 50 per cent, su-
crose, since we have previously indicated an increase in
invertase activity of the spores of this organism with an
increase in concentration 6 . It will be seen that the per cent,
sucrose lost and reducing sugars gained at 50 per cent, show
19
a maximum, and that there is a diminished but significant
activity up to the saturation point as in the case of the
Aspergillus Sydowi Bainier and Penicillium expansion.
While it is indeed difficult to draw any comparative
conclusions concerning the invertase activity of the three
molds under consideration because of the difference in the
number of spores used for inoculation, nevertheless it can
safely be postulated that the spores of the Aspergillus
Sydowi Bainier are relatively more active in inverting
power than the other two molds employed. For it will be
seen that with 130,000 spores of this mold per cc. at the
highest concentration employed (which was at the satura-
tion point) there was a gain of 2.41 per cent, in reducing
sugars (over the check) while with double the number of
spores of Penicillium expansum there was only one-fourth
that gain in reducing sugars. Five times as many spores of
Aspergillus niger produced one-fourth greater increase in
reducing sugars.
In general, then, it will be seen that the invertase
activity of these mold spores is directly influenced^ by concen-
tration in the manner described, and furthermore that it is
likewise dependent on the number of spores employed. The
second part of this paper, therefore, is concerned with the
influence of numbers of mold spores upon their invertase
activity in sugar solutions at the saturation point.
Since there has been occasion in another connection 6 to
study the influence of this factor, somewhat the same pro-
cedure was employed. The spore suspensions were prepared
as mentioned 6 and the proper dilutions made with sterile
distilled water. The same conditions of incubation, etc.,
were again observed. The check flasks contained a mixture
of spores and all dilutions heated 100 °C. for % hour. The
largest number of spores in the case of Penicillium expansum
and Aspergillus niger was about 400,000 per cc, and 80,000
with Aspergillus Sydoivi Bainier, the dilutions representing
an arithmetic progression of one-half of the preceding
quantity.
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TABLE 7
The Influence of Numbers of Spores on the Invertase
Activity of Mold Spores in 70 Per Cent. Sugar Solutions.
ASPERGILLUS SYDOWI BAINIER
No.
of
Spores
Per
1
cc.
Soln.
Per
Cent
Sucrose
(Pol.)
Loss
in
Per
Cent
Sucrose.
Per
Cent
Reduc-
ing
Sugars.
Gain
in
Per
Cent.
Reducing
Sugars.
Check 65.5
.97
80,000 59.7 6.8 4.55 3.86
40,000 63.1 3.4 2.78 1.81
20,000 64.7 1.8 2.10 1.21
10,000 63.0 1.5 1.50 0.53
5,000 65.3 1.0 1.07 0.10
PENICILLIUM EXPANSUM
Check 66.5 1.50
440,000 61.1 5.2 3.57 2.07
220,000 63.8 2.5 2.67 1.17
110,000 64.9 1.4 1.90 0.40
55,000 65.2 1.1 1.48 0.
28,000 65.1 0.2 1.48 0.
ASPERGILLUS NIGER
Check 66.4 0.81
400,000 64.0 2.4 1.31 0.50
200,000 65.3 1.1 1.00 0.19
100,000 66.5 1.07 0.26
50,000 66.3 0.1 0.86 0.05
25,000 66.3 0.1 0.88 0.07
In Table 7 will be found results obtained with such
varying quantities of inoculum in sugar solution at the point
of saturation. Some striking differences are to be noted
where Aspergillus Sydowi Bainier was used. Thus with
a decrease in size of inoculum there is a proportional de-
crease in invertase activity until 5,000 spores are employed
where no significant inversion occurs. Consequently that
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number may be taken as the lowest limit essential to inver-
tase activity in such a highly concentrated sugar solution.
An interesting feature of this series of experiments was
that Aspergillus Sydowi Bainier secreted an enzyme which
caused a formation of gum in the sterile sugar solutions.
The amount of gum formed was proportional to the number
of spores per gm. employed. ' The properties of this gum and
the conditions under which it is formed are now being
investigated.
On the other hand Penicillium expansum is not nearly
so effective, for it will be seen that while there is a decrease
in invertase activity with a decrease in number of spores,
nevertheless, the minimum is reached between 110,000 and
55,000 per cc, which is practically ten times as great an
amount as was required by the Aspergillus Sydowi Bainier.
The lower limits of the invertase activity of Penicillium
expansum, however are very clearly defined. The results
obtained with Aspergillus niger are practically identical,
qualitatively, with those observed in the case of Penicillium
expansum, but vary in the quanitative relationships. To a
certain degree this, is probably accounted for by the fact
that the latter mold had the larger inoculation.
While the limitations of the data herein presented are
clearly recognized in so far as it is exceedingly hazardous
to state the limits of enzymic activity in terms of such
units, because of the variations which must exist between
different strains of the same species, nevertheless, the
results are suggestive in their bearing upon the practical
problem of sugar deterioration. A certain correlation to be
emphasized is that the Aspergillus Sydowi Bainier which
was found to have the greatest capacity for deteriorating
sugar (as well as occurring with greatest frequency) has
spores which appear to exhibit the most intense invertase
activity in saturated sugar solutions. Since we have pointed
out that sugar inoculated with spores of this mold deterio-
rated without the development of mycelia, the inference
established would appear to be substantiated, namely, that
mold spores alone, 'if present in sufficient number, are
capable of deteriorating sugar.
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SUMMARY.
1. The invertase activity of the spores of Aspergillus
Sydowi Bainier, Aspergillus niger and Penicillium expan-
sum is exhibited at concentrations of sugar varying from
10 to 70 per cent.
2. The maximum invertase activity of these mold
spores occurs between 50 and 60 per cent, concentrations.
3. An increase in the number of mold spores is respon-
sible for increased invertase activity in a saturated sugar
solution.
4. The least number of spores per cc. of Penicillium
expansum and Aspergillus niger required to produce inver-
sion in saturated sugar solution is between 50,000 and
110,000. About 5,000 spores of Aspergillus Sydowi Bainier
are needed to cause inversion.
5. The evidence that mold spores alone are capable of
deteriorating cane sugar is corroborated by the data herein
presented.
Part III.
THE EFFECT OF CONCENTRATION ON THE
DETERIORATIVE ACTIVITY OF MOLD
SPORES IN SUGAR.*f
It is common knowledge that the reduction of the
moisture content of sugar is responsible for a diminuition
of deterioration. This is tantamount to stating that an
increase in concentration of the films surrounding the- indi-
vidual particles in any given mass of sugar produces the
same effect. The influence of this factor on the activities of
bacteria has been the subject of thorough investigation by
Owen (11, 12- 13. 14',, and our recent work (5) with molds
has led to the conclusion that "the factor' of safety for
sugars well infected with molds would appear to be lower
than is generally supposed". The full import of such a con-
sideration depends to a considerable degree upon the fact
that molds may be responsible for the inversion of sucrose
where only spores are present as well as when mycelia were
developed. Furthermore, it has been shown that the inver-
tase activity of mold spores is exhibited at concentrations of
sugar solutions varying from 10 to 70 per cent, with maxi-
mum activity at 50 to 60 per cent. In the same connection
it was observed that an increase in the number of mold
spores is responsible for increased invertase activity at any
definite concentration, including saturated solutions. While
these might be considered sufficient grounds for inference
regarding the deteriorative activity of mold spores in sugars
of known composition, it was deemed advisable to carry out
such an investigation on a more practical scale (8)
.
With this end in view, a series of sugars with films of
known composition were made in the laboratory by coating
large crystals of sterilized sugar with sterilized blackstrap
molasses and 60 : Brix sugar syrup in definite proportions.
*Read at the Philadelphia meeting of the American Chemical Society,
September, 1919.
tThe authors are indebted to Mr. S. Byall for his assistance with the
chemical analyses.
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and purging in the centrifugal, a method previously em-
ployed with success (5). These sugars and corresponding
molasses were aseptically inoculated with mold spores by
adding 15 gm. of sugar containing approximately 1000
spores per gm.( prepared as previously described 5 ) to 135
gm. of sugar in tightly corked Erlenmeyer flasks which
were paraffined. The molasses was inoculated with a single
scoopful of mold. Solid rubber stoppers, paraffined three
times at short intervals, were later used. All flasks were
Incubated at room temperature (averaging about 28° to
30°C) for 4 months.
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Su
mma
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Showing
P
e
r
C
e
n
t
.
I
n
c
r
e
a
s
e
in
R
educing
Su
gar
s
in
I
n
o
c
ulated
M
olasses
After
4
m
o
n
ths'
I
n
c
ubation.
C
o
n
c
e
n
t
r
a
tion
Cladosporium
A
s
p
e
r
gillus
flavus
A
s
p
e
r
gillus
S.
B
ainier
P
e
nicillium
e
x
p
a
n
s
u
m
Syncephalastrum
•
A
s
p
e
r
gillus
niger
M
oisture
R
a
tio
Blackstrap
i
i
1
-
1
18
- 4
!
0.8
—
4.7
.44
5/6
B
.
S
.
1/6
Syr
up
5.8
r
'
1
1
10.7
|
22.3
.49
4/6
B
.
S
.
2/6
Syr
up
38.3
1
1
I
•
i
!
1
j
12.3
53.2
56.7
1
36.1
.57
3/6
B
.
S
.
3/6
Syr
up
53.8
I
x
1
33.7
83.6
71.6
1
9.5
73.6
.63
I
n
T
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8-11
a
r
e
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a
v
e
r
a
g
e
s
of
t
riplicate
determina-
tions,
a
nd
in
T
able
12
is
p
r
e
s
e
n
t
ed
the
s
u
m
m
a
r
y
of
the
p
e
r
c
e
n
t
,
increase
in
r
educing
s
u
g
a
r
s
o
v
e
r
check
a
s
r
e
s
ult
of
the
inoculation
of
m
olasses
by
m
olds.
I
t
will
be
observed
that
with
e
a
ch
m
old
u
s
ed
the
p
e
r
c
e
n
t
,
increase
in
r
educing
s
u
g
a
r
s
is
m
ade
g
r
e
a
t
e
r
with
a
decrease
in
c
o
n
c
e
n
t
r
a
tion
of
the
m
olasses
m
edium
a
t
the
e
nd
of
a
4
m
o
n
th
incubation
p
e
riod.
There
w
a
s
a
c
o
r
r
e
s
p
o
nding
decrease
in
s
u
c
r
o
s
e
Clerget
in
e
v
e
r
y
s
a
m
ple.
While
this
increase
is
s
t
riking,
it
does
n
o
t
follow
a
rigid
m
a
thematical
p
r
o
g
r
e
s
sion,
due
t
o
c
e
r
t
ain
discrepancies
which
r
e
s
ult
from
s
u
ch
a
m
e
thod
of
inoculation.
I
t
will
be
s
e
e
n
from
T
ables
8-12
that
A
s
p
e
r
-
gillus
S
ydoivi
B
ainier
a
nd
A
s
p
e
r
gillus
niger
e
xhibit
the
m
a
ximum
inversion,
closely
followed
by
P
e
nicillium
e
x
p
a
n
-
s
u
m
.
This
c
o
r
r
oborates
p
r
e
vious
c
o
n
clusions
c
o
n
c
e
r
ning
the
deteriorative
a
c
tivity
of
these
o
r
g
a
nisms
both
in
the
m
y
-
c
elial
a
nd
s
p
o
r
e
s
t
a
g
e
s
(5,6)
.
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Since such definite increases were obtained when mo-
lasses of known concentrations were used, it might be ex-
pected that refined sugar coated with such different molasses
would yield similar results. That this is practically the case
may be judged from the data in Table 13 and Table 14,
which represents a summary of the per cent, increase in re-
ducing sugars over check as resulting from an inoculation
with mold spores at the rate of 100,000 per gm. after 1
months's incubation. It will be seen that an increase in
moisture ratio:
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TABLE 14.
Summary Showing Per Cent. Increase in Reducing Sugars
of Inoculated Sugars After One Month's Incubation.
Concentration
m
W
w ®
~s
b
Penicillium
expansuai
•
Moisture
Ratio
Blackstrap 31.0 142.9 95.2 .20
4/6 B. S. and
j
2/6 Syrup .
j 75.0
1
.
1
1
195.0
j 170.0
1
.08
5/6 B. S. and
1/6 Syrup 1 70.4
1
!
1
270.4 170.4 .14
3/6 B. S. and
3/6 Syrup
|
95.7
104.6
j
391.1
'
i
1
|
404.5 i
230.1 .18
1
Do.
1
218.2 .20
• Moisture
M. R. =-
f
which means a decrease in
100—Polarization
concentration, is responsible for raising the per cent, in-
crease in reducing sugars in most instances, except where
blackstrap films were employed. The latter phenomenon
may be accounted for by the fact that the molasses film was
relatively thin, due to too long prolonged purging. However,
the other data, despite negligible discrepancies, are substan-
tial proof of the direct effect of concentration on the deterio-
rative activity of molds. This has been proven to be a case
of true inversion by the fact that an increase in reducing
sugars has almost invariably been accompanied by a de-
crease in sucrose Clerget in the same sample. As in all
S3
previous work, Aspergillus Sydowi Bainier exhibits the
greatest power of inversion.
If the results in Table 14 are compared with those
presented in Table 12, it may be noted that there was a
greater deteriorative activity revealed in the former case
where the moisture ratio was actually lower. This would
seem, upon the surface, to contradict the conclusion that a
lowering of the concentration of the medium increases the
deteriorative activities of molds. However, it must be
remembered that the deteriorative activity of molds in any
single medium is a resultant of two or more variables, i. e.,
concentration and amount of inoculum. We have shown in
another paper (7) that an increase in amount of inoculum
is responsible for an increase in inversion in any sugar solu-
tion of definite concentration. And there is found corrobor-
ation of this principle in manufactured sugars, for the in-
oculum used in Table 13 was approximately 100 times as
large as that employed in Tables 8-11. Consequently, this
experiment shows that a decrease in concentration causes
increased deteriorative activity in mold-infected sugars, all
other things being equal. Nevertheless, the effect of other
variables cannot be overlooked. A similar experiment was
repeated over a period of four months and the data gave
similar evidence with moisture ratios varying from .08 to
.30 as shown in Tables 15-18.
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In Tables 19-21 are presented the results of an attempt
to produce varying factors of safety in granulated and Cu-
ban raw sugars by causing them to absorb moisture in the
autoclave by the "humidor" method previously described.
(5) The flasks were incubated at 30°C. for one month. As
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may be anticipated the moisture ralios obtained were of
wide range. In the first series recorded in Table 19 where
no moisture was added, the usual deterioration phenomena
occur, namely, with a sufficient mold infection, an inversion
is to be noted in most instances. The greatest deterioration
occurred at a moisture ratio of .22 followed by Aspergillus
niger at .15, which had the greatest number of molds per
gm. In a subsequent section it will be shown that the factor
of safety must be considered simultaneously with the degree
of infection in order to arrive at a true understanding of
deterioration. In Table 20, where the moisture ratios are
somewhat higher due to the absorption of moisture as in-
dicated. Again the greatest deterioration occurs with Pen-
icillium expansum at the highest moisture ratio, namely, .28
with Aspergillus Sydowi Bainier following at .23, succeeded
by Aspergillus niger at .20 with largest number of molds per
gm. The same general conclusions may be drawn from
Table 21 where Cuban raw sugar was employed.
TABLE 22.
ANALYSES OF MISCELLANEOUS SAMPLES.
PLANTATION GRANULATED.
m Dry Basis
MOLD
Pn' Q w
«
O P4 d
ui- m O m 3
Check 99.0 99.2 0.35 0.16 99.1 99.3 0.16
Cladosporium 98.5 98.6 0.45 0.10 0.27 98.7 98.8 0.10
Aspergillus flavus 97.8 97.9 0.63 0.28 0.51 98.3 98.4 0.23
Asp. S. Bainier 92.8 94.0 3.13 2.78 1.25 92.9 94.1 0.17
Pen. expansum 92.9 94.3 4.17 3.82 0.45 93.3 94.7 0.06
Syncephalastrum 98.9 99.0 0.46 0.10 0.36 99.2 99.3 0.33
Aspergillus niger 95.0 95.8 2.08 1.73 1.05 95.9 96.8 0.21
REFINED.
Check* 99.0 99.0 0.33 .0 0.15 99.1 99.1 0.15
Aspergillus niger 97.6 96.8 0.66 0.33 0.45 98.0 97.2 0.14
Pen. expansum ,..„ 95.0 95.4 1.04 0.71 0.87 95.8 96.2 0.17
Asp. S. Bainier 92.0 92.8 1.25 0.92 1.05 92.9 93.7 0.13
*Approximate.
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In Table 22 are presented some miscellaneous analyses
of sugars heavily inoculated with molds which were used
as inoculum in the preceding experiments. In the plantation
granulated series it will be seen from the column marked
"Gain in R. S. r r", that Aspergillus Sydoici Bainer and Pen-
icilHum expansion followed by Aspergillus niger caused the
greatest deterioration at comparatively low moisture ratios.
There is a corresponding reduction in the sucrose Clerget
which is in line with previously published results. It will
be noted that Sync&phalastrum and Cladosporium caused
practically no deterioration in this incubation period of
four months.
The series marked "refined" was one in which the
sugars were liberally inoculated with spores to be used as
inoculum in the succeeding experiment. The incubation
period was one month and it is evident that a striking deter-
ioration has taken place. The most active mold being again
Aspergillus Sydoici Bainier followed by Penicillium expan-
sion and Aspergillus niger in the order named. This con-
firms previous work and serves to substantiate further data.
Considering the importance of the moisture ratio in
predicting the keeping quality of sugar in storage under
what is known as the "factor of safety" rule, it is of special
interest to note that here is presented evidence of the deter-
ioration of manufactured cane sugars with moisture ratios
from .08 to .09 when sufficiently infected with mold spores
;
and furthermore that this deterioration occurs even in films
of the highest concentrations, namely, of blackstrap molas-
ses. In sugar solutions we have already arrived at the re-
sultant effect of the combined variables of concentration and
amount of inoculum. In other words, in saturated sugar
solutions upwards of 5000 spores per gm. are required to
effect inversion. (7) We have further experiments which
establish similiar criteria for sugars coated with films of
known concentration as herein described. In this way, it
is our purpose to arrive at a satisfactory method of judging
the keeping quality of a sugar from the standpoint of mold
infection, which we have show to be capable of inducing
serious economic losses in sugar as a result of its deterior-
ative activity.
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SUMMARY
1. A decrease in concentration of molasses inoculated
with molds is responsible for a progressive increase in re-
ducing sugars and a decrease in sucrose Clerget when incu-
bated at 30 °C for four months.
2. A decrease in concentration of laboratory-made
sugars having films of known concentration and moisture
ratios .08 to .20 inoculated with molds caused an increase
in reducing sugars (and a decrease in sucrose Clerget)
which gave evidence of active deterioration. These sugars
were incubated at 30 °C. for one month, and similar results
followed a like incubation of four months.
3. Aspergillus Sydowi Banier, followed by Aspergillus
niger and Penicillium expansum, in the order named, effect-
ed the greatest deterioration in both molasses and sugar.
4. There is evidence that an increase in inoculum is
responsible for an increase in inversion at any definite con-
centration.
This investigation with laboratory-made sugars cor-
roborates previous results obtained with sugar solutions.
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Part IV.
EFFECT OF VARYING THE AMOUNT OF INOCULUM
AND CONCENTRATION ON THE DETERIORA-
TION OF SUGAR BY MOLDS*
Previously it was shown that a decrease in concen-
tration of laboratory-made sugars having films of known
concentration was responsible for an increase in deterior-
ation when heavily inoculated with mold spores. The indus-
trial application of this conclusion is determined by two
important variable factors, namely, the concentration of the
films surrounding the sugar crystals, and the degree of in-
fection. Therefore, a further investigation of the influence
of these factors was considered necessary, the results of
which are discussed below. (9)
The method of procedure was identical with that out-
lined above except that the incubation period was five and
one-half months instead of one month. A series of sugars
with films of known composition were made in the labora-
tory by coating large crystals of sterilized sugar with ster-
ilized blackstrap molasses and 60 : Brix sugar syrup in
definite proportions and purging in the centrifugal, a
method previously employed with success. Blackstrap mo-
lasses. 5-6 blackstrap — 1-6 syrup, 4-6 blackstrap — 2-6
syrup and 3-6 blackstrap — 3-6 syrup when arranged in
order of increasing moisture ratio are designated as Concen-
tration A. B, C. and D. respectively. These sugars were
inoculated with Aspergillus niger. Aspergillus Sydoici
Bainier and PeniciUiuni expansum, at the rate of
100. 1000, and 10.000 spores per gm. At the end
of five and one-half months incubation at room
temperature the contents of each flask were ana-
lyzed for sucrose by direct polarization and mo-
dified Clerget, reducing sugars and moisture. It has been
already shown that the most satisfactory criterion of deter-
ioration of sugar is the gain in per cent of reducing sugars.
In order to summarize the results as briefly as possible, in
*We are indebted to Messrs. D. F. Stanfill, Jr..
their assistance with the chemical analyses.
and R. S. Hays for
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Table 26 are given the increase over check of the averages of
closely agreeing triplicate determinations of reducing
sugars, the data, being presented in Tables 23-25. The
abbreviation M. R. is for Moisture Ratio which value is
Moisture
derived as follows : M. R.= Asp. n. is
100—Polarization.
the abbreviation for Aspergillus niger, while Asp. S. B. and
Pen. represent Aspergillus Sydowi Bainier, and Penicillium
expansum.
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TABLE 23.
Analyses of Inoculated Sugars with Films of Varying
Concentration. After 5% months' Incubation.
100 SPORES PER GM.
d
Dry Basis
;ratio
bh
i£
w • d
Concenl
Mold
S.
Pol.
S.
Clers
Red.
Si
Gain
R.
H
O P-i
w
d
Loss
S.
Mh
A Check 98.6 98.7 .32 .014 .19 98.8 98.9 .14
Asp. n. 98.4 98.1 .27 .014 .15 98.5 98.3 .06 .09
Asp. S.B. 97.9 98.3 .29 .016 .13 98.0 98.4 .05 .06
Pen.exp. 98.2 98.2 .27 .000 .12 98.3 98.3 .06 .09
B Check 98.7 99.3 .38 .005 .20 98.9 99.5 .16
Asp. n. 93.5 98.6 .36 .002 .18 98.7 98.8 0.7 .12
Asp. S.B. 97.9 98.0 .47 .09 .024 ' .17 93.1 98.1 1.4 .09
Pen. exp. 99.0 99.0 .39 .01 .007 .18 QQ 1yy.± QQ 1yy.i 0.4 .18
C Check 99.2 99.2 .18 .005 .13 99.3 99.3 .18
Asp. n. 93.1 99.4 .18 .012 .18 99.3 99.6 .27
Asp. S.B. 98.9 98.8 .27 .09 .005 .11 99.0 98.9 .04 .10
Pen. exp. 99.2 98.5 .25 .07 .010 .11 99.2 98.6 .07 .17
D Check 99.0 99.1 .23 .010 .24 99.2 99.3 .24
Asp. n. 99.0 99.2 .20 .020 .16 99.2 99.3 .16
Asp. S.B. 99.2 99.2 .33 .10 .005 .09 99.3 99.3 .11
Pen.exp. 99.1 99.3
1
.33 .10 .015 .16 99.3 99.5 .18
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TABLE 24.
Analyses of Inoculated Sugars with Films of Varying
Concentration. After 5% months' Incubation.
1000 SPORES PER GM.
Dry Basis
Concentration
o
g
o
fin
GO S.
Clerg.
Red.
Sug.
%
Gain
R.
S.
%
H o
W m
U
w
Loss
S.
C.
H-t
A Check 98.6 98.7 .32 .014 .19 ft o o98.8 ft 0 ftyo.y M
Asp. n. 98.8 99.1 .32 .007 .21 Oft 1yy.i QQ Qyy.o .19
Asp. S.B. 99.0 99.2 .34 .02 .005 .13 99.1 99.4 .13
Pen. exp. 98.9 98.8 .34 .02 .005 .07 «7 O. u .07
B Check 98.7 99.3 .38 .005 .20 yo.y QQ Kyy.o .16
Asp. n. 98.7 98.5 .35 .010 .25 no qyo.y QQ 7y o. ( 0.8 .19
Asp. S.B. 98.5 98.2 .43 .05 .012 .18 98.7 98.3 1.2 .12
Pen. exp. 98.7 98.9 .42 .04 .005 .16 98.9 99.1 0.4 .11
C Check 99.2 99.2 .18 .005 .13 99.3 99.3 .18
Asp. n. 98.8 98.8 .30 .12 .021 .12 98.9 98.9 0.4 .10
Asp. S.B. 98.9 98.9 .40 .22 .010 .09 99.0 99.0 0.3 .09
Pen. exp. 98.9 98.7 .35 .17 .002 .18 98.8 98.9 0.4 .16
D Check 99.0 99.1 .23 .010 .24 99.2 99.3 .24
Asp. n. 98.9 99.0 .27 .04 .005 .23 99.1 99.2 0.1 .21
Asp. S.B. 98.7 98.8 .41 .18 .040 .25 98.9 99.0 0.3 .19
Pen. exp. 98.7 98.8 .41 .18 .010 .27 99.0 99.1 0.2 .21
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TABLE 25.
Analyses of Inoculated Sugars with Films of Varying
Concentration. After 5i/2 months' Incubation.
10,000 SPORES PER GM.
Dry Basis
ation
hfl
d
Concenti
Mold
S.
Pol.
S.
Clerg
Red.
Su;
Gain
R.
M o h
Xfl i
Loss
S.
Check 98.6 98.7
1
.32 i
i
.014 .19 y o.o
i
QS 9VO.o .14
Asp. n. 98.8 99.0 .36 j .04 .021 .ZD y o.o V V . o .21
Asp. S.B.j 98.6 98.7 .53 .21
]
.010 .30 98.9 99.0 .21
Pen.exp.l 98.6 98.8 .43 .11
|
.016 .23
1
99.0 99.0 .18
B
1
Check 98.7 ' 99.3 .38 .005 1 .20 u o.o 99.5 .16
Asp. n. 98.4 98.7 .41 .03 .012
i o o QS 7y o. i 99.0 0.5 .18
Asp. S.B.| 98.6 98.9 .50 .12 .000 1 o o.AO 98.9 99.1 0.4 .21
Pen.exp. 98.3 98.6 .49
1
.11 .016 1 o o
1
98.6 98.9 0.6 .17
C Check 99.2 99.2
1
|
.18
i
.005
1
|
.13 99.3 99.3 .18
Asp. n. 98.3 98.1 .45 .27 .046 | .22 98.5 98.3 1.0 .14
Asp. S.B. 98.3 98.3 .49 | .31 .010
1
-
17 98.5 98.5 0.8 .12
Pen. exp. 98.5 98.5 | .46
\
.28
1
.046
1
|
.17
1
98.7 98.7 0.6 .12
D
j
Check 99.0 99.1 .23 .010
1
|
.24 99.2
j
99.3 .24
Asp. n. 98.7
|
98.5 .35 1 .010
|
.20 98.9 98.7 0.6 .15
Asp. S.B. 98.2 98.4 | .50 .27 .065 | .26 98.5
98.6 0.7 .15
Pen.exp.
1
98.4 98.4
1
|
.51
1
.28
1
.010 .22
1
98.6
1
98.6 0.7 .14
r
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It will be seen from Table 23 that in every instance (but
one) an increase in the number of spores per gm. caused
an increase in per cent of reducing sugars over check. This
held true not only at every concentration employed, vary-
ing in moisture ratio from .14 to .24, but likewise for every
organism used at any single concentration. This fact is
very significant and indicates conclusively that an increase
in amount of inoculation of mold spores at any definite con-
centration is responsible for an increase in deterioration of
sugar. This corroborates our previous work where solu-
tions varying from 10 to 70 per cent, were employed (7) as
well as the results obtained in the experiment just con-
cluded (8) where an inoculation of 100,000 spores per gm.
at each of the above-mentioned concentrations was em-
ployed. A closer scrutiny of the results presented in Table
25 reveals the fact that the increase over check of reduc-
ing sugars with an inoculation of 100 spores per gm. is in-
significant at practically all concentrations. The same is
true of an inoculation of 1000 spores in the two higher con-
centrations, namely A and B. This is of practical im-
portance in defining the limits at which deterioration occurs,
since in plantation granulated sugars the moisture ratio
may be said ordinarily to be below .18. It is generally con-
sidered that good Cuban raw sugar likewise should have its
moisture ratio below .25-.33. Thus it might be inferred
from the foregoing data that where the moisture ratio is
below .18 mold infection of less than about 5000 spores per
gm. would cause slight, if any, deterioration. As a rule we
have rarely found sugars which had more than 250 mold
spores per gm., although no quantitative survey has been
carried out as exhaustively as might have been desirable.
When the two lower concentrations C and D are con-
sidered, we find that there is evidence of deteriorative ac-
tivity with 100 spores per gm., while with more than 1000
spores the deterioration is quite appreciable. It would
appear, therefore, that the safety of a sugar (from the
standpoint of mold infection) having a moisture ratio .17-
.18 would have to contain less than 100 mold spores per gm.
On the other hand, a mold infection of more than 10,000
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spores per gm. will cause a deterioration in sugars with
moisture ratios varying from .14-.24. It may be noted in
this connection that in the previous investigation mentioned
(8) an inoculation of 100,000 spores per gm. was respons-
ible in one month for a deterioration in sugars with mois-
ture ratios varying from .08-.20.
An interesting fact which corroborates all our previous
work with sugars as well as with solutions is that at any
definite concentration and with an equal number of spores
per gm. Aspergillus Sydowi Bainier is more effective than
Penicillium expansum which in turn is more effective than
Aspergillus niger in deteriorative activity.
A microscopic examination was made of all the sugars
under consideration and no mold mycelium was found to
have developed at the moisture ratios employed, namely
below .25. In Table 27 we have advanced positive evidence
in addition to this of negative character which indicates that
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TABLE 27.
Summary Showing the Effect of the
on the Development of^o]d^IyceHum
™ i W. Cj
'Moisture Ratio'
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a moisture ratio above .28 is required before mold mycelium
will be developed. This might explain why infected sugars
with moisture ratios above .30 would deteriorate rapidly,
i. e. mold mycelium secretes invertase as do the spores and
each branch of mycelium may develop upwards of 300,000
spores. From the data in Table 27 which represents a sum-
mary of all inoculated sugars examined for mold mycelium,
where the moisture content and polarization were deter-
mined it will be seen that in 248 instances where the mois-
ture ratio was below
.28, only once was mold mycelium de-
tected. On the other hand, out of a total of 24 examinations
of sugars with moisture ratios over .28, there were 19 in-
stances, or practically 80 per cent, where mycelium was
found. Thus the significant fact that the spores of molds
in sugar will only germinate and produce mycelium at
moisture ratios over .28 is of considerable practical value
in the problem of sugar deterioration, especially in pre-
dicting the keeping quality of a sugar.
TABLE 28.
Summary Showing the Influence of Concentration of
Film on the Deterioration of Sugars by Molds.
A.
B.
C.
D.
.14
.16
.18
.24
Per Cent Gain in Reducing Sugars Over Check.
100 Spores
t>er Gm.
m
d
CO
,09
,09
.10
.01
.07
.10
1000 Spores
per Gm.
10,000 Spores
per Gm.
m PQ
d w d od
d
m Asp. Pen.
Asp.
Asp.
Pen.
.02 .02 .04 .21 .11
.05 .04 .03 .12 .11
.12 .22 .17 .27 .31 .28
.04 .18 .18 .12 .27 .28
In Table 28 is presented a summary of results so ar-
ranged as to show the influence of concentration of film on
the deterioration of sugars by molds. It must be stated at
the outset, however, that where the increasing increments
of moisture are so slight as in the present instance, and es-
pecially when dealing with the activity of micro-organisms
over such a long incubation period, it is hardly to be expect-
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ed that the differences will be very sharply defined. How-
ever, it will be observed that as a rule an increase in mois-
ture ratio . (which actually signifies a decrease in concen-
tration) is responsible for an increase in deterioration with
any single inoculation. It is not necessary here to repeat
what was stated in the discussion of Table 26 concerning
the limiting effects of concentration with any definite inoc-
ulum. Suffice it to say that this work fits in very closely
with our preceding investigations and proves quite con-
clusively that with a high mold infection, deterioration takes
place in sugars with moisture ratios below .14 and in the
previous experiment at .08. This substantiates the claim
previously made that: "The factor of safety for sugars
well infected with fungi would appear to be lower than is
generally supposed," and defines more clearly what such
limits must be. In other words, knowing the number of
molds present in any sugar it may be predicted (from the
standpoint of mold infection alone) what deterioration may
be expected in a storage period of about five months with a
sugar of known moisture ratio. It is to be assumed that at
the present time sugars are not stored for such a long period
of time, but the differences obtained upon a long incuba-
tion period are not so much greater as to invalidate the
above generalizations as will be seen from Table 29 which
TABLE 29
Comparison in Content of Reducing Sugars of Inocu-
lated Sugars (with Films of Known Concentration D) after
1 and 5V2 months Incubation Respectively.
M M Mo
Chec
inier
Chec Che
CD
u
CO
INCUBATION
Check
Asp.
n.
Gain
ovi
Asp.
S.
Gain
ov
Pen.
ex
Gain
o^
After 1 Month .23 .44 .21 1.10 .87 .77 . .54
After 5V2 Months .23 .53 .30 1.46 1.23 .87
.64
Gain R. S. % .00
i
.09
1 \
.36
1
|
.10
I 1
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gives a comparison in content of reducing sugars of inocu-
lated sugars with films of known concentration D
—
(mois-
ture ratio=.24) after one and five and one-half months re-
spectively. It will be readily seen that the differences in
incubation as represented by the gain in per cent of reduc-
ing sugars are indeed slight when compared with the initial
gain over check in one month.
TABLE 30.
Deterioration to be Expected from a Definite Number
of Molds in Sugars of Known Moisture Ratio.
Moisture Ratio= Moisture
100—Polarization
No. of Mold
Spores
Per Gm. 00o t-H COrH ooT-H o
Over
.24
0—100 + + + +
100—1000 + + + + + +
1000—10000 + + + + + + +
10000—100000 + + - + + + + +
+ Deterioration.
— No Deterioration.
Slight if any Deterioration.
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Next to an elimination of deterioration, the most im-
portant commercial consideration is to predict the keeping
quality of a sugar. Table 30 is a tentative plan based on
the results obtained in all our investigations which wiU give
some conception of the deterioration to be expected front a
definite number of molds in sugars of known moisture ratio.
It must be clearly understood that this plan is advanced with
considerable diffidence, and that its value rests on further
verification. Furthermore, it is of importance to note that
in the above table only mold infection has been considered.
We have data which are concerned with deterioration due to
bacterial infection and unquestionably the bacterial flora
would seriously influence the deterioration of sugars as
shown in the important researches of previous investigators.
However, since individual molds, such as Aspergillus Sydowi
Bainier. P>. . 'am tipansum and Aspergillus niger are
vastly more efficient in their deteriorative activities than
any bacterium that has come to our attention, and since
the first named mold is to be found in practically all sugars,
it may be that the above table will prove of some value to
those who are ready to take cognizance of the molds which
are undoubtedly causing large economic losses in the sugar
industry. In Fig. 1. it will be seen that the facts previously
discussed have been so arranged that one may tell at a
glance what deterioration, if any, might be expected. It
was not deemed necessary to carry out the work in moisture
ratios beyond .24. because it is generally conceded that
sugars having a moisture ratio above .30 are susceptible of
deterioration? Browne (1). Owen (14) and others have
advanced much valuable evidence on this point.
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SUMMARY
1. An increase in number of mold spores inoculated
into sugars (with films of varying concentrations) was re-
sponsible for an increase in deterioration.
2. A decrease in concentration of the films surround-
ing the sugar crystals was responsible for an increase in
deterioration with a definite number of spores.
3. A table is presented showing the deterioration
which may be expected from a definite number of molds in
sugars of known moisture ratio.
4. At moisture ratios of less than .18 there is little, if
any, deterioration with a mold infection of less than 5,000
spores per gm. More than this number of spores induces
deterioration. At moisture ratios above .18, deterioration
occurs with upwards of 100 spores per gm.
5. At any definite concentration and with an equal
number of spores per gm. Aspergillus Sydowi Bainier is
more effective than Penicillium expansum or Aspergillus
niger in its deteriorative activity.
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Part V.
THE PRESENT STATUS OF THE PROBLEM OF
SUGAR DETERIORATION.
A retrospect over the investigations in sugar deterior-
ation reveals the fact that considerable progress has been
made towards a solution of the problem. The microbio-
logical nature of the causative agents has been conclusively
demonstrated; and valuable contributions concerned with
the activities of bacteria have been fundamental in any
approach to the problem. More recently we have indicated
(5, 6, 7, 8, 9) the nature and deteriorative activities of the
molds, which seem to be the most destructive group of
microorganisms. Without losing sight of the major thesis
it became necessary to investigate the deteriorative power
of molds in the spore, as well as the mycelial stage. This
led to the discovery that mold spores contained the enzyme
invertase which was capable of deteriorating sugar solu-
tions of high concentration. The number of spores per gm.
proved to be a limiting factor in this connection. Applying
these results to sugars of known concentration, it was
found that the general conclusions previously arrived at
were further substantiated. Thus was formed the basis
for predicting the keeping quality of sugar, which depends
upon moisture ratio or factor of safety and the number of
microorganisms considered simultaneously, together with
such environmental factors as temperature, humidity, etc.
It was therefore possible to prepare a chart which would
indicate at a glance what deterioration, if any, might be
expected from a sugar of definite polarization and moisture
content, infected with a known quantity of mold spores.
Finally, in order to complete this phase of the problem, the
importance of bacterial infection has been considered. In
an experiment just completed (the results of which will be
published in the near future) 320-pound bags of Cuban
raw sugars were kept under normal storage conditions in
the warehouse of one of the largest sugar refineries in this
country, and analyzed periodically both chemically and
bacteriologically. It was found that the data obtained in
61
this manner were in close agreement with the investigations
presented in this bulletin and indicated that deterioration is
the resultant of the two factors operating simultaneously,
namely, moisture ratio and infection, and that upon such
knowledge it becomes possible to predict the keeping quality
of sugars and thereby prevent serious economic losses.
We are cognizant of the fact that these investigations
represent but a step towards the solution of the important
problem of sugar deterioration, and that the practical de-
ductions concerning cleanliness in and about the centri-
fugals, proper drying of the sugar, clean wash water, good
storage, etc., arrived at in a previous bulletin (5) hereby
receive additional emphasis. Proper precautions in hand-
ling invariably improve the keeping qualities of a sugar and
should be practised by those interested in reducing losses
of sucrose. But having studied the micro-organisms re-
sponsible for the inversion of sucrose, it is possible for us
to
proceed towards their elimination by methods now in
progress.
In conclusion, the authors are appreciative of the
assistance they have so generously received from the mem-
bers of the station staff, Dr. C. A. Browne and Mr. W. L.
Owen.
SUMMARY
1. A chart is presented which makes it possible to
predict the keeping quality of sugar (from the standpoint of
mold infection) . This is based upon the following results.
2. Mold spores contain invertase which caused a de-
crease' in polarization and an increase in reducing sugars
in 10 and 20 per cent sterile sugar solutions.
3. The invertase activity of the spores of Aspergillus
Sydowi Bainier, Aspergillus niger and Penicillium expansum
is exhibited at concentrations of sugar varying from 10 to
70 per cent with a maximum activity at 50-60 per cent.
An increase in the number of mold spores is responsible for
increased invertase activity in a saturated sugar solution.
The least number o^poresW cc. of Penicillium expansum
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and Aspergillus niger required to produce inversion in sat-
urated sugar solutions is between 50,000 and 100,000 Only
about 5,000 spores of Aspergillus Sydowi Bainier are needed
to cause inversion. The spores of this mold contain an
enzyme capable of forming a gum in a sterile sugar solu-
tion.
4. A decrease in concentration of molasses inoculated
with molds is responsible for a progressive increase in re-
ducing sugars and a decrease in sucrose Clerget. This is
likewise true of the films of laboratory-made sugars with
moisture ratios of .08 to .20. Aspergillus Sydowi Bainier,
followed by Aspergillus niger and Penicillium expansum, in
the order named, effected the greatest deterioration in both
molasses and sugar.
5. An increase in number of mold spores inoculated
into sugars (with films of varying concentration) was re-
sponsible for an increase in deterioration. A decrease in
concentration of the films surrounding the sugar crystals
was responsible for an increase in deterioration, with a
definite number of spores.
6. At moisture ratios of less than .18 there is little if
any deterioration with a mold infection of less than 5,000
spores per gm. More than this number of spores induces
deterioration. At moisture ratios above
.18, deterioration
occurs with upwards of 100 spores per gm. At any definite
concentration and with an equal number of spores per gm.
Aspergillus Sydowi Bainier is more effective than Penicill-
ium expansum or Aspergillus niger in its deteriorative ac-
tivity.
7. On the basis of the above results concerning the
causative agents, elimination of sugar deterioration is now
in progress.
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